Purpose: Extensive research is actively ongoing for development of an ideal bone substitute that meets the gold standard. Tooth was selected as a donor site for evaluation of potentials in bone substitutes based on its similar chemical compositions to alveolar bone. Previous studies have evaluated inorganic components of autogenous tooth bone graft material (AutoBT) and osteoconductivity. In continuation from the previous studies, the current study was conducted for analysis of organic components and evaluation of osteoinductivity of AutoBT. Methods: Forty-six extracted teeth were collected from actual patients (Korea Tooth Bank, R&D Institute). Extracted teeth were processed into AutoBT and implanted in dorsal subcutaneous muscular tissues of 15 athymic mice. Biopsy samples were harvested at two, five, and eight weeks. The Bradford assay, sodium dodecyl sulphate polyacrylamide gradient gel, and western blotting were performed for investigation of organic contents of AutoBT. Results: Histology analyses showed signs of new bone formation as early as two weeks. Results of the Bradford assay indicated the existence of noncollagenous proteins (NCP). 0.29% (2.89 mg/g) of proteins were extracted by weight in the root portion of AutoBT; 0.02% (0.029 mg/g) and 1.79% (17.93 mg/g) of proteins were measured by weight in crown and block-form of AutoBT, respectively. However, recombinant human bone morphogenetic protein-2 was not observed in AutoBT. Conclusion: Within the limitation of the current study, AutoBT induced new bone formation by NCP embedded in dentin.
Introduction
Bone grafting materials are used effectively in dentistry for guided bone regeneration at bone defect sites. Extensive studies have continuously demonstrated improved quality of bone grafting materials with less technique-sensitivity [1] .
Among bone substitutes, autograft has been regarded as the gold standard due to its osteoconductivity, os-teoinductivity, and osteogenicity. Yet, because of its limited harvest volume and requirement of donor site surgery with potential complications, clinicians have been leaning toward use of allograft, xenograft, or synthetic bone graft materials, and favorable outcomes have been achieved with use of these types of bone graft materials [2] .
However, those non-autogenous bone graft materials also have disadvantages. Allografts are expensive and have 354 Young-Kyun Kim: Evaluation of Osteoinductivity J Korean Assoc Maxillofac Plast Reconstr Surg potential infection risks. Synthetic bone grafts lack osteogenesis and osteoinduction. Hence, in finding near gold standard grafts, studies were conducted for evaluation of feasibility of use of fresh teeth in the form of demineralized dentin matrix (DDM) as a biocompatible autogenous graft material [3] [4] [5] [6] [7] [8] [9] .
Tooth was selected as a grafting site because of its similar chemical composition to bone. Dentin has approximately 70% inorganic contents and 20% organic contents in weight volume. In alveolar bone, the inorganic content is 65%, and the organic content is 25%. Besides type I collagen in organic components of teeth, researchers have extracted bone morphogenetic proteins (BMPs) from animal teeth such as bovine, lapine, and murine [4] [5] [6] [7] [8] 10] . In addition, the dentin-BMPs promote differentiation of mesenchymal stem cells into chondrocytes and thus enhance bone formation [10, 11] .
Indeed, tooth is composed of both inorganic and organic substances. Yet, we wanted to examine the question of whether autogenous tooth bone graft material (AutoBT; Korea Tooth Bank, Seoul, Korea) still contains inorganic and/or organic minerals after demineralization and fabrication procedures. AutoBT is processed from patients' own extracted teeth that required extraction due to either non-restorability or orthodontic reasons. The processed AutoBT, then, is utilized in the same patient in situations where bone grafting is necessary during implant placement or guided bone regeneration procedures.
The previous study analyzed inorganic components of AutoBT using scanning electron microscopy, energy dispersive x-ray spectroscopy, x-ray diffraction, and histomorphometric analysis. As a result, we found that AutoBT made from the root portion was composed of low-crystalline hydroxylapatite, tricalcium phosphate, amorphous calcium phosphate, and octacalcium phosphate [1] . As a result, AutoBT is able to provide an osteoconductive environment as a grafting material.
In continuation from the previous studies [1, 12] , the current study investigated the existence of organic substances such as BMP and/or other noncollagenous proteins (NCP) and performed experiments in athymic mice in vivo to demonstrate osteoinductive potential of AutoBT. 
Materials and Methods

Sample collection
Autogenous tooth bone graft preparation
The extracted teeth were stored in a 75% alcohol sample bottle for up to one week. Then, the anatomical crown portion of the tooth was dissected after removal of attached soft tissues. Sample root portions were crushed into a powder between 400 to 800 μm in diameter in size. Remaining soft tissues and contaminants in crushed AutoBT powder were removed with distilled water. AutoBT powder was subjected to dehydration and defatting processes, and then lyophilized. After sterilization with ethylene oxide, the AutoBT powder was packed. A block form was fabricated using the same process used for powder without being crushed. Patent number: 10-1062381 (Korea).
In vitro study-sodium dodecyl sulphate polyacrylamide gradient gel and western blotting
The dentin matrix proteins (DMPs) in groups A (dried 
In vivo study-athymic mouse experiment
Fifteen athymic mice (average weight: 30 g) were used.
The animals were divided into three groups (two-week, five-week, and eight-week) of five mice each for this study. 
Results
Histology analysis
Histology analysis in two-week samples showed attachment of the lining cells on the surface of the AutoBT (Fig.   1A ). Depositions of osteoid in the biopsy area around the AutoBT were detected as well ( Fig. 1B) . Newly formed collagenous like structures were observed in between
AutoBT and native muscle tissues of athymic mice. Signs of cartilage formation started to show at the periphery of AutoBT and advanced toward the inner area with dense fibrous tissues filling AutoBT powder spaces (Fig. 1C) .
Starting from week 8, the presence of lamellar bone (Fig.   1D ) along with the signs of new endocondral bone formation was observed at the edges of AutoBT (Fig. 1E) .
A continuous cartilage formation replaced empty grafted spaces as AutoBT powder was resorbed in recipient sites.
Bradford assay analysis
In order to determine the existence of organic components in AutoBT, the Bradford assay was performed. 
Sodium dodecyl sulphate polyacrylamide gradient gel and western blotting
BMP-2 (17.5 kD) was not observed in all groups of AutoBT samples in electrophoresis. However, minor bands of proteins were observed at 76 kD and 102 kD (Fig. 2) . 
Discussion
Finding the most effective and safe bone grafting material has been a continuous subject of study. Due to its osteoinduction, osteoconduction, osteoproliferation, and bone remodeling, autogenous bone graft has been recognized as the gold standard. In fact, because of its similar biological composition to that of alveolar bone, many researchers have examined dentin as a potential carrier for human proteins and as a grafting material [3] [4] [5] [6] 13] . Both tooth and alveolar bone are derived from neural crest cells and consist of the same type I collagen. In addition, dentin contains BMPs, which induce bone formation and NCP such as osteocalcin, osteonectin, and dentin phosphoprotein [10, 14] .
Based on previous studies in DDM reported by Urist and colleagues [7] [8] [9] 14, 15] and its potentials, we developed the processing and demineralization technique for fabrication of AutoBT from extracted teeth.
Histologic observation in the current study showed evidence of osteoinductivity with new bone formation.
Starting from the attached cells lining the surface of AutoBT (Fig. 1A) , the first sign of osteoinduction was noted by osteoid formation along the AutoBT at two weeks ( Fig.   1B ) when grafted into muscular tissues of athymic mice.
The attached lining cells could have developed from sur-rounding perivascular mesenchymal cells. In addition, chemotactic agents from dentin particles in AutoBT would make the attachment of lining cells possible. Perhaps, there might be some endogenous growth factors embedded in AutoBT dentin particles. These endogenous growth factors differentiated osteoblasts resulting in pre-mature collagen deposition on two-week and five-week biopsy (Fig. 1C ).
As AutoBT resorbed within eight weeks, new lamellar bone was formed adjoining to the remaining AutoBT particles with continuous formation of cartilage (Fig. 1D, 1E ). In addition, the remaining AutoBT particle was osseointegrated with new bone.
Next, the Bradford assay was performed in order to determine the existence of organic substances in AutoBT.
The block-form AutoBT showed the largest amount of organic contents because it consists of both dentin and cementum. Cementum contains many organic substances, including growth factors like transforming growth factorbeta, immunoglobulin G1, and platelet-derived growth factor-BB [16] . A block form AutoBT was fabricated using the same process used for powder without being crushed.
Thus, the original shape of the extracted root structure According to SDS-PAGE and western blotting in vitro studies, recombinant human bone morphogenetic protein-2 (rhBMP-2) was not detected in AutoBT powder (Fig.   2 ). However, electrophoresis showed minor bands from 76 kD to 102 kD. These minor bands could be partial degradations of BMPs during isolation or purification.
There are a few possibilities in undetected rhBMP-2 in vitro. First [17, 18] .
In addition, in histologic analysis, attached lining cells with osteoid formations to the exposed AutoBT powder were suggestive of sites of endogenous growth factor activity. Thus, based on the current study, we can carefully conclude that AutoBT has osteoinductivity through NCP embedded in AutoBT dentin particles.
Based on previous research and with limitations in
AutoBT, the current study evaluated human tooth as a safe, 
Conclusion
In this study, AutoBT induced active new bone formation by NCP embedded in dentin. Within the limitations of the current study, we may conclude that AutoBT is a simple and safe bone substitute with maintenance of its osteoconductivity and osteoinductivity. Therefore, it can be a considerable option in selection of bone graft materials when tooth extraction is necessary.
